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Abstract 
The goal of this work is to develop an impedimetric aptasensor sensitive, selective and stable for detection of 
thrombin. Thiol modified aptamer sequence being grafted on gold electrode, the faradic electrochemical impedance 
measurements allow the direct detection of thrombin in the range of 3.1–200 ngmLí1 with a detection limit of 3.1 
ngmLí1 (80 fM). This study demonstrates that these aptasensors exhibit high sensitivity, high selectivity (compared to 
a model protein, BSA), stability and reproducibility. 
 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
Aptamers offer several advantages over antibodies, owing to their relative ease of isolation and 
modification, tailored binding affinity, and resistance against denaturizing. Research focused on aptamers 
has exhibited promising potentials in various fields such as pharmaceutics and diagnostics. Thrombin, a 
kind of serine protease, plays important role in the coagulation cascade, thrombosis and haemostasis. The 
high picomolar range of thrombin in blood was known to be associated with diseases so that it was 
important to assess this protein at trace level with high sensitivity.  
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Electrochemical impedance spectroscopy (EIS) combines the analysis of both the resistive and capacitive 
properties of materials, based on the perturbation of a system at equilibrium by a small amplitude 
sinusoidal excitation signal. This technique has been proved as one of the most sensitive tools for the 
analysis of interfacial properties because of its unique properties of high sensitivity, of low cost, of easy 
handling and of being label-free, several groups demonstrating the feasibility of using this technique for a 
direct sensing of immunoreactions and of interaction of proteins with DNA aptamers. 
The goal of this work is to develop an impedimetric aptasensor sensitive, selective and stable for 
detection of thrombin, the formation of the aptamer-thrombin complex (cf. Scheme 1) leading to a 
variation of the electrical properties of the biolayer grafted on the working electrode. 
 
Scheme 1. Conformation of aptamer-thrombin complex
 
 
2. Experimental 
2.1. Apparatus 
HPLC analyses were performed on a Agilent 1200 system with a LiChrospher WP300 RP18 (5μm; 250 x 
4 mm) column from Merck.  The elution gradient was from 4.5 to 45 % of acetonitrile in 
triethylammonium acetate buffer (TEAAc) 50 mM, in 30 min at 20°C. The flow rate of HPLC analysis 
was 1 mL/min. 
MALDI-TOF mass spectrometry analyses were performed on a Voyager DE-PRO Applied Biosystems 
instrument, using the 3-hydroxy picolinic acid as matrix (IBCP, Lyon, France). Spectrophotometric 
titrations were performed with an Uvikon XL spectrophotometer at 260 nm. 
Oligonucleotides were synthesised using an Applied Biosystems 394 RNA/DNA synthesiser (Applied 
Biosystems, Foster City, USA) using standard protocol (1 μmole scale coupling program). The thrombin 
aptamer synthesised has the following sequences: a 20-mer aptamer 5’ DTPA- DTPA- TT- PEG- CCA 
ACG GTT GGT GTG GTT GG 3’. 
Cleavage and deprotection for 4 hours at 20°C in NH4OH provided crude ODN material which was then 
quantified at 260 nm and analyzed by reverse phase HPLC on a LiChrospher WP300 RP18 (5μm) 
column . After purification by peak collect and concentration from HPLC, the main ODN population was 
analyzed by MALDI-TOF MS (20-mer ODN mass [M+H]+ calcd 7468.0; found 7467.8). 
Cyclic voltammetry and impedance measurements were done at room temperature in a conventional 
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electrochemical cell containing a three-electrode system.  A Pt plate and a saturated calomel electrode 
(SCE) were used as counter and reference electrode, respectively. The gold electrode was used as working 
electrodes. Electrochemical measurements were performed using Voltalab 80; model PGZ 402, assisted 
by Voltamaster 4 software. All chemical measurements were carried in the presence of reversible 
[Fe(CN)6 ]3-/4-  redox  in PBS at pH 7.4 and in Faraday cage. 
2.2. Biochip functionalization with aptamers 
Before chemisorption, gold working electrode was activated by a piranha solution, washed in water and 
then activated by cycling in NaOH (0.5 M) at a potential range between -400 mV and -1400 mV and scan 
rate of 50 mV/s until the cyclic voltammogram stabilised, indicating that the surface electrode was 
cleaned and efficiently reduced.  Thiol reduction was achieved by incubating the aptamers (250μM ) at 
room temperature in a solution of TCEP, HCl (20mM) for 2 hours. The solution was then diluted 10 times 
with phosphate buffer (100 mM), pH = 8. 
Aptamer grafting was performed by soaking the fleshly activated gold surface with the aptamer solution 
for 72 hours under argon. Then, the gold surface was rinsed with distilled water, subsequently passivated 
with mercaptopropanol solution (1mM) for 1 hour and finally rinsed with water. The functionalized gold 
surface was then stored in phosphate buffer (20 mM), NaClO4 (250 mM), pH 6.5. 
3. Results and Discussion 
3.1. Characterization of aptamer layer 
Electrical properties of the grafted aptamer layer have been determined by cyclic voltammetry (CV) in 
presence of reversible [Fe(CN)6]3í/4í redox probe in PBS (pH 7.4); potential was swept between í0.4 V 
and 0.4 V (versus SCE) at a rate of 100 mVsí1. A strong decrease of the measured intensity is observed 
after grafting of aptamer, due to a strong electrostatic repulsion of redox probe by densely grafted 
aptamers. 
3.2. EIS response of the aptasensor to thrombin 
Electrochemical impedance response was measured after the addition of successive aliquots of different 
concentrations of thrombin in presence of reversible [Fe(CN)6]3í/4í redox probe in PBS (pH 7.4). 
The EIS measurements indicated that better aptasensor characteristics were obtained at an applied dc 
potential of +200mV. The different Nyquist diagrams obtained in presence of an increasing concentration 
of thrombin (cf. Fig. 1) were modeled according to Randles circuit, using Zplot/Zview software. It is then 
possible to extract an increase of the charge transfer resistance (Rct) when thrombin concentration 
increases (cf. Fig. 2). There is a linear variation of Rct with thrombin concentration in the range of 3.1–
200 ngmLí1 with a detection limit of 3.1 ngmLí1 (80 fM). This value is much lower than that obtained 
with an electrochemical sandwich assay coupled to magnetic beads (2.5 nM) [1] and of the same order as 
detection limit obtained with ferrocene modification of aptamer probe [2]. 
 
3.3. Specificity tests 
The specificity of the method was demonstrated using a similar protein (BSA) at the same concentration. 
The impedance response for different concentrations of thrombin and BSA are shown in Figure 2, we can 
see that thrombin binds specifically with the aptamer, but some non-specific binding of BSA was 
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observed for concentration higher than 30 ng/mL, causing a small conformational change in the aptamer  
molecule. 
3.4. Stability of the aptasensor 
The sensor was regenerated using UHQ water at 30 °C for 10 min and the electrode was kept in 
phosphate buffer when not in use. The stability of the aptasensor could be tested for 20 days without any 
decrease.  
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Fig. 1 : Nyquist diagrams obtained in presence of different 
concentrations of thrombin. 
Fig. 2 : Variation of the charge transfer resistance as a function 
of different concentrations of thrombin and of BSA 
Measurement medium, frequency range, ac voltage, dc applied 
potential: 200mV/SCE
 
4. Conclusion
In this work, an aptasensor was developed for thrombin, the aptamer-thrombin was directly grafted on the 
gold electrode surface. The obtained aptasensor exhibits high sensitivity, specificity and stability for the 
detection of thrombin 
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